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Abstract. Two mango vinegar fermentations have been carried out in a 20L pilot plant scale 
bioreactor and a 300L acetator. Both vinegar fermentations were started from fresh mango juice to 
witch was added the acetic acid bacteria Acetobacter senegalensis. This bacterium was isolated from 
mango fruits, Mangifera indica L., and was proved to have thermotolerance and acidotolerance 
properties. Based on this fact the acetic acid bacterium was used as a starter in the vinegar 
fermentation process. The aim of this research is compare the fermentation processes realized with the 
two equips, concerning the cells growth, the ethanol, sugars and organic acids evolution and also the 
volatile compounds. The volatile compounds have been identified by two gas chromatographic 
techniques, HS/GC-MS and HS/SPME-GC-MS, at different times during the two fermentation 
processes. The obtained results had shown a better mango vinegar fermentation process, regarding the 
bacteria growth, when the pilot plant scale bioreactor was used for the fermentation process rather than 
the acetator. Regarding the volatile compounds identified, a higher number was found by using the 
HS/SPME-GC-MS technique while the HS/GC-MS technique shown some variations of the volatile 
compounds identified during the fermentation processes. 
 




The history of vinegar production, which dates from the years around 2000 BC, 
presents a lot of information about the microbial biotransformation that occurs. However, 
vinegar has been always considered a ‘poor relation’ product among fermented food, not 
being considered a ‘food’, as it does not have a great nutritional value, and it is made by the 
transformation of richer and more nutritive fermented foods (Solieri and Giudici, 2009). 
Beside that the manufacture of vinegar remains an ancient occupation, known and 
practiced all over the world from immemorial times. Certain amounts of vinegar are still 
manufactured today, following the old empirical methods used by small producers, but beside 
that, the vinegar-manufacturing industry has developed a lot in the last century (Plessi, 2003). 
The production methods can range from traditional methods employing wood casks 
(Orleans Process) and surface culture (Generator Process) to submerged fermentation 
(Morales et al., 2001). Many technical devices have been developed to improve the industrial 
production of vinegar. These improvements have increased especially the speed of ethanol 
transformation into acetic acid in presence of acetic acid bacteria (Tesfaye et al., 2003). 
Generally, vinegars varieties vary greatly from a country to another, having its name 
given from the raw material that is used for its production. Beside the traditional use of wine 
vinegars, cider vinegars or rice vinegars, nowadays there is an increasing demand for flavored 
vinegars and especially fruit vinegars, known and sold on the market as health foods. Fruit 
vinegars can be found on the market under two different types, one having a higher content in 
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acetic acid and used as an ingredient or as a drink diluted with water and other softer which 
can be drunk as it is (Andi Shau-mei Ou and Rei-Chu Chang et al., 2009). 
 
MATERIALS AND METHODS 
 
The bacteria used for the fermentation process was Acetobacter senegalensis 
(CWBI-B418, strain number: LMG 23690) belonging to the CWBI (University of Liege, 
Belgium). The mango fruits were collected from a local market of Belgium, were washed, 
peeled, cut into small pieces and manually pressed by using a stainless steel laboratory 
strainer covered with cotton sterile gauze. 
The mango vinegar fermentation was first carried out in a 20L pilot plant scale 
Biolafitte bioreactor and further in a 300L Chansard acetator (Lyon, France), both equips 
belonging to the CWBI laboratory. The same conditions of fermentation were kept for both 
fermentations in order to observe and compare bacteria growth, sugars and organic acids 
evolution and volatile compounds. 
The fermentation carried out in bioreactor had a working volume of 12L, and the 
following fermentation conditions, controlled automatically: pH 6, temperature 30°C, aeration 
1v/v/m, agitation 200rpm. The further fermentation carried out in acetator was controlled 
automatically, had a working volume of 80L and a medium temperature of 28°C.  
Both pre-cultures with A. senegalensis were growth in a 500 ml Erlenmeyer glass 
flask with baffles at 30°C, under agitation at 130rpm, in a liquid medium containing: 5g/L 
glucose, 5g/L yeast extract, 1g/L of each salt: KH2PO4; (NH4)2HPO4 and MgSO4*7H2O, 1% 
v/v acetic acid glacial and 5% v/v ethanol 99%. 
The biomass evolution was measured at 540nm by spectrophotometer and the wet 
cells weight were establish after previous wash, centrifugation and liquid removal. 
Ethanol, sugars and organic acids were determined using a HP Agilent 1100Series 
HPLC. The instrument conditions were column and detector temperature of 40°C and 
respectively 35°C and by using a RID signal. 
The gas chromatographic (GC) analyses were performed with a Shimadzu GC-MS 
QP-2010 model equipped with an ZB-WAX Plus capillary column (50m x 0.25mm x 
0.25µm) (Zebron, USA) and a HP-5 capillary column of 30m x 0.25mm x 0.25µm. The GC-
MS oven program was started at 35ȗC up to 85ȗand finished to 250ȗC. The SPME analysis 
was realized by using a fiber of 1cm length coated with Divinylbenzene/ Carboxen/ 
Polydimethylsiloxane (DVB/CAR/PDME). The oven temperature program was started at 
35°C up to 85°C and finished at 300°C. Both GC techniques used helium as carrier gas, mass 
spectra with 30-500amu range and EI mode of 70eV. The compounds identification was made 
based on mass spectral electronic libraries Pal600K, Wiley 275, NIST 27 and NIST 147. 
During the process of production, samples were taken in sterile conditions, at 
different hours (0, 16, 24, 36, 48, 60, 72 or 96 hours) in order to follow the kinetics of the 
fermentation process, the content of different acids and sugars and the evolution of volatile 
compounds. 
 
RESULTS AND DISCUSSIONS 
 
During the two fermentation processes (ethanol and vinegar production), good 
identifications of the four growing phases of bacterial cultures have been noticed, obtaining a 
higher cellular biomass in bioreactor, rather than acetator. While during the ethanol 
production the optimum growing phase was reached after 48 hours, during the vinegar 
fermentation, was reached earlier after 24 hours (Fig. 1.). 
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a) Alcoholic fermentation 
 
b) Vinegar fermentation 
Fig. 1. Bacteria growth and wet cells evolution during mango fermentation processes 
 
The evolution of the sugars and organic acids was followed at different periods of 
time, during the process of fermentation carried out in bioreactor. The starting mango juice 
was found to have a high concentration in sugars, fructose (32.55g/L) and glucose (22.24g/L). 
The ethanol concentration increased gradually to 10.40g/L at the end of the fermentation 
process, while glucose and fructose significantly decreased and have been found in low 
concentration or not been identified after 60 hours of fermentation. Formic, propionic and 
butyric acids have been identified in all the analyzed samples, except in mango juice, which 
contained sugars (Fig. 2.). 
 
 
Fig. 2. Ethanol, fructose and glucose evolution during mango fermentation in bioreactor 
 
The final chromatographic profile of the vinegar after 72 hours of fermentation was 
formed from a low concentration in glucose (0.08g/L), 0.25g/L propionic acid, approximately 
0.3g/L succinic and butyric acid, slightly high concentration in lactic acid (0.58g/L) and 
10.40g/L ethanol (Tab. 1.). 
Tab. 1. 
Organic acids concentration (g/L) during mango fermentation in bioreactor 
Elapsed fermentation time (hours) No. Compound 0 24 48 60 72 
1. Glucose 22.24 7.75 0.16 0.08 0.08 
2. Fructose 32.55 11.88 0.16 nd nd 
3. Succinic acid 0.46 0.20 0.32 0.28 0.31 
4. Lactic acid nd 0.14 0.59 nd 0.58 
5. Formic acid nd nd 0.34 0.36 nd 
6. Acetic acid nd 0.18 0.18 0.17 0.11 
7. Propionic acid nd 0.17 0.30 0.35 0.25 
8. Ethanol nd 1.03 10.36 10.82 10.40 
9. Butyric acid nd 0.37 0.37 0.48 0.35 
nd – unidentified compound  
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The fermentation process carried out in the 300L acetator, shown relatively close 
chromatographic fingerprints. Ethanol concentration increased from a starting of 4.59g/L up 
to 6.41g/L after 60 hours and slighthly starting to decrease after. Glucose and fructore 
concentration decreased segnificantly after the first 16 hours, and were not identified in the 
last samples (Fig. 3.).  
Similar concentrations for fructose and malic acid have been found by Li X., (2011) 
through the same Supelcogel C-610H column, for the samples analyzed at the beginning of 
mango vinegar fermentation, of 4.96g/L and respectivly 0.79g/L. 
 
Malic acid, found in concentration of 0.75g/L in the initial mango juice is a 
compound usually transformed during the malolactic fermentation into lactic acid, whos 
concentrations grown after 16 hours of fermentation at 2.45g/L and was maintained at this 
concentration until 60 hours when slowly decreased to 0.28g/L, very close to the initial 
concentration value (0.31g/L). 
Glucose and fructose, initialy identified at the beginnig of the fermentation until 16 
hours and respectively 24 hours of fermentation, have been gradually consumed and 
transformed during the process.  
After 60 hours of fermentation, the concentrations of lactic acid, succinic, acetic acid 
and ethanol decreased significantly up to 0.28g/L, 0.18g/L, 0.09g/L and respectively 4.87g/L, 
while glucose, fructose and malic acid have not been identified. Based on these after 60 hours 
of fermentation it was establish the end of the log phase, when the cells are exhausted and the 




Fig. 3. Sugars and organic acids evolution during mango fermentation in acetator 
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Volatile compounds analysis 
Samples taken at different hours during the mango vinegar fermentation have been 
analyzed by HS/SPME-GC-MS (Tab. 2.) and HS/GC-MS (Tab. 3.) techniques by comparison 
and individually, regarding the volatile compound evolution during the process of production. 
Mango juice was the initial sample and it was found to be reach in β-myrcene; δ-3 
carene; limonene; α-terpinolene; caryophyllene; α-humulene and 2,4-dimethylheptene. 
Although only seven compounds have been identified by HS/SPME-GC-MS technique all the 
compounds found were specific to mango juice and have been identified also by other authors 
(Malundo et al., 1996; Laohaprasit et al., 2011; Li et al., 2011; Salazar Sandoval et al., 2007).  
 
Tab. 2. 
The concentrations of the volatile compounds identified during mango fermentation in acetator  
by HS/SPME-GC-MS technique 
 
Concentration (% from total peak area) No. Compound Juice 24hours 48hours 72hours 
1.  Ethanol nd 3.81 22.52 28.57 
2.  Ethyl ether nd 5.37 nd nd 
3.  3-Methyl-3-vinylcyclopropene nd 3.20 nd nd 
4.  1-Propanol nd nd 0.73 2.61 
5.  2-Methylpentene nd 1.19 nd nd 
6.  n-Methyldiacetamide nd nd nd 0.85 
7.  Hexane nd 2.85 nd nd 
8.  2-Butanone nd nd 0.10 0.50 
9.  Ethyl cyanoacetate nd 1.45 3.23 4.90 
10.  2-Ethoxy-2-methyl-propane nd 2.09 nd nd 
11.  Isobutyl alcohol nd nd nd 3.75 
12.  Cyclobutanol nd 3.53 2.53 nd 
13.  Ethyl cyanoacetate nd nd 0.28 nd 
14.  3-Methylbutanal nd 1.07 0.21 0.55 
15.  2-Methylbutanal nd 0.85 nd nd 
16.  1-Butanol nd nd 0.16 0.26 
17.  3-Methyl-2-hexanol nd nd nd 0.36 
18.  1,4-Butanediol nd nd 0.11 nd 
19.  2-Pentanone nd nd nd 0.11 
20.  Dimethyl-silanediol nd nd nd 0.11 
21.  Acetoin nd 0.41 nd nd 
22.  Acetylformaldehyde nd nd 0.26 nd 
23.  Ethyl propanoate nd nd nd 0.10 
24.  3-Methylbutanol nd 3.04 25.18 1.31 
25.  Iso Amyl Alcohol nd nd nd 20.65 
26.  2-Methylbutanol nd 2.36 6.83 4.29 
27.  2,2,5,5-Tetramethyltetrahydrofuran nd nd nd 0.08 
28.  4-Methylheptane nd 0.30 0.32 0.21 
29.  Methallylidene diacetate nd nd nd 0.02 
30.  3,3-Dimethylhexanal nd 0.11 nd nd 
31.  2,4-d-Isobutyl ester nd nd 0.33 0.38 
32.  Cycloheptanone nd nd 0.04 nd 
33.  Butyric ether nd nd nd 0.03 
34.  1,3-Butanediol nd nd nd 0.12 
35.  Octane nd 0.47 0.07 nd 
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36.  Butyric ether nd nd 0.11 0.28 
37.  2-(2-Methoxypropyl)-1,3-dioxolane nd nd nd 0.05 
38.  4-Methyl-2-pentanol nd nd nd 0.06 
39.  Hexamethylcyclotrisiloxane nd nd nd 0.39 
40.  2,4-Dimethylheptene 0.95 1.21 0.33 0.64 
41.  Hexanoic acid nd nd nd 0.04 
42.  3-Methylbutanol acetate nd 1.26 1.98 3.46 
43.  3-Methylbutanol acetate nd nd nd 2.79 
44.  1,4-Dioxane nd nd nd 0.08 
45.  Methoxy-phenyl-oxime nd 0.24 0.13 0.16 
46.  2-Nonanone nd 0.43 0.26 nd 
47.  Diacetonalcohol nd nd nd 0.82 
48.  α-Pinene nd 0.47 nd nd 
49.  2-(4-Methoxyphenyl)-2-methyl-1,3-dioxolane nd nd nd 0.03 
50.  4-Methyl-2-heptanone nd 0.12 nd 0.13 
51.  2-Hydroxy-4'-aminostilbene nd nd nd 0.03 
52.  2,6-Dimethyl-4-heptanol nd nd nd 0.06 
53.  1,3-Diphenylbutane nd nd 0.12 nd 
54.  Neopentane-1,1-diol diacetate nd nd nd 0.09 
55.  Methyl-4,6-di-O-methyl-α,β-D-glucopyranoside nd nd 0.04 nd 
56.  2-Methyl-2-dodecanol nd nd nd 0.05 
57.  β-Myrcene 2.17 0.50 0.08 0.08 
58.  Ethyl caproate nd nd 2.60 nd 
59.  1,1-Dibutoxyacetone nd 0.64 nd 1.02 
60.  δ 3 Carene 80.53 39.90 6.09 5.63 
61.  Tert-butylbenzene nd 0.30 nd nd 
62.  Limonene 4.83 1.66 0.35 0.06 
63.  2,3-Dimethyl-nonadecane nd 0.08 nd nd 
64.  1-Methylcyclooctanol nd nd nd 0.06 
65.  Amyl ethyl ether nd nd nd 0.03 
66.  3,3-dimethylhexene nd 0.13 nd nd 
67.  Nonyl-cyclopropane nd nd nd 0.16 
68.  Dodecene nd 0.12 nd 0.03 
69.  α-Terpinolene 2.19 0.09 nd nd 
70.  4-Methylbenzaldehyde nd nd nd 0.09 
71.  Sulfamoxole  nd nd 0.17 0.08 
72.  Phenylethyl alcohol nd nd nd 0.91 
73.  Benzeneethanol nd nd 0.96 nd 
74.  Propyl-cyclopentane nd nd 0.03 nd 
75.  Ethyl-cyclopentane nd nd nd 0.05 
76.  Octanoic acid nd nd nd 0.06 
77.  β-Cyclocitral nd nd 0.12 0.05 
78.  Ethyl caprylate nd 0.84 14.65 3.81 
79.  m-di-tert-Butyl-benzene  nd 0.58 0.15 0.26 
80.  β-Phenethyl acetate nd nd nd 0.12 
81.  Phenethyl formate alcohol nd nd 0.07 nd 
82.  Eicosane nd 0.15 nd nd 
83.  7-Methyl-2-decene nd 0.12 nd nd 
84.  2,3-Dimethyl-3-heptene nd 0.16 nd nd 
85.  Ethyl 4-decenoat nd nd 0.08 nd 
86.  β-Damascenone nd nd nd 0.04 
87.  Ethyl caprinate nd nd 3.81 0.90 
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88.  α-Gurjunene nd 0.10 nd nd 
89.  Caryophyllene 2.63 2.80 0.55 0.49 
90.  5,6-Dihydronocaryophyllene nd 0.08 nd nd 
91.  Cyclopropyl phenylmethanol nd nd nd 0.02 
92.  α-Humulene 1.11 1.47 0.27 0.24 
93.  α-Guaiene nd 0.75 nd nd 
94.  α-Selinene nd 0.08 nd nd 
95.  2,4-bis(1,1-dimethylethyl)-phenol nd 0.25 0.08 0.14 
96.  Docosane nd 0.16 nd nd 
97.  Eicosane nd 0.09 nd nd 
98.  Trans-Isolimonene nd 0.10 nd nd 
99.  1-(1,1-Dimethylethyl)-2 nd 0.09 nd nd 




101. Ethyl laurate nd nd 0.16 nd 
102. Thiophene-D4 nd nd 0.05 nd 
nd – unidentified compound 
 
Tab. 3. 
The concentrations of the volatile compounds identified during mango fermentation in acetator 
by HS/GC-MS technique 
Concentration (% from total peak area) No. Compound Juice 16hours 48hours 60hours 72hours 
1. 3-Methylbutanol nd 66.86 61.03 68.68 55.38 
2. 2-Methylbutanol nd 17.60 16.67 19.31 14.75 
3. Butyric ether nd 0.34 0.54 nd 0.41 
4. 2,4-Dimethylheptene 2.24 nd nd 0.62 nd 
5. 3-Methylbutanol acetate nd 0.98 3.05 3.94 3.15 
6. 2-Methylbutanol acetate nd 2.64 0.37 nd 0.60 
7. α-Pinene 1.38 nd nd nd nd 
8. β-Myrcene 2.98 nd 0.20 nd 0.23 
9. Ethyl caproate nd 1.52 2.51 0.94 2.89 
10. 3-Carene 72.96 4.01 5.63 1.97 7.52 
11. p-Cymene 1.83 nd 0.42 nd 0.21 
12. D-Limonene 1.58 nd 0.28 nd 0.27 
13. β-Thujene 0.55 nd nd nd nd 
14. 4-Carene 0.25 nd nd nd nd 
15. Terpinolene 1.33 nd nd nd nd 
16. Methyl benzoate 1.29 nd nd 0.63 nd 
17. β-Linalool 2.22 nd 0.66 nd 0.59 
18. Ethyl caprylate nd 3.78 4.80 2.93 8.77 
19. Thymol 2.05 nd 0.76 nd 0.86 
20. 4,5-Dimethyl-2-ethylphenol 5.75 nd 1.60 nd 1.74 
21. Ethyl dodecanoate nd 1.09 1.50 0.99 2.54 
22. Caryophyllene 1.57 nd nd nd nd 
23. Dimethyl phthalate 1.19 nd nd nd nd 
24. 2-Nonen-1-ol 0.47 nd nd nd nd 
25. Thujone 0.37 nd nd nd nd 
nd – unidentified compound 
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The highest concentration in alcohols was reached after 60 hours of fermentation, but 
they quickly decreased as the process continued up to 72 hours. During this interval of time a 
strong increase in concentrations was noticed for ethyl caprylate and ethyl dodecanoate. 
A decreasing of the following compounds concentrations was noticed for thymol, β-
linalool, δ-limonene, p-cymene and β-myrcene, but they were still found in the last sample, 
while α-pinene, β-thujene, terpinolene, caryophyllene and thujone have been totally lost or 
unidentified in the last samples. 
While the HS/SPME-GC-MS technique identified only five other monoterpene and 
sesquiterpene specific to the mango juice (limonene, β-myrcene, α-terpinolene, caryophyllene 
and α-humulene), the HS/GC-MS technique allowed the detection and identification of a 
higher number of 16 other compounds. The main compounds have been identified also by 
other authors in their study (Laohaprasit, 2011, Malundo, 1996). 
A better comparison of the two GC techniques, showing the main compounds 
identified by both techniques in juice sample and in the samples after 48 and 72 hours of 
fermentation, it is shown in Fig. 4. 
 
Fig. 4. A comparison between the main compounds identified by bought GC techniques 
 
It was noticed that both techniques have shown as major volatile compound found in 
the juice samples, and also in the samples after 48 and 72 hours of fermentation the 
monoterpene, 3-carene, a sweet and limonene odor compound, identified also by Salazar 
Sandoval et al., (2007) in both the flower and in the green fruit of mangoes. This compound 
has been identified in the highest concentration in the juice samples, while during the 
fermentation process, after 48 hours its concentration is decreasing and then slowly increasing 






The identification and quantification of the carbohydrates and organic acids 
compounds during the different fermentation processes, by using the HPLC analysis allowed 
the identification and quantification of the main sugars and organic acids formed and which 
represent a particular interest for the present study regarding the vinegar evolution during its 
production and its authentication. 
The major volatile compounds identified by both GC-MS methods, in all the vinegar 
samples were the pair of isoamylalkohols 3-methylbutanol and 2-methylbutanol; and their 
corresponding acetate esters: 3-methylbutanol acetate and 2-methylbutanol acetate. 
The HS/SPME-GC-MS technique allowed the separation and identification of a 
higher number of volatile compounds, rather than the HS/GC-MS technique. Regardless the 
technique used, the same major volatile compounds have been identified, 3-methylbutanol; 2-
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